Situational awareness and forecasting

FHI COVID-19 modelling team
15 April 2020

What this report contains:

This report presents results based on a mathematical model describing the geographical spread of
COVID-19 in Norway. The model consists of three layers:

e Population structure in each kommune
e Mobility data for inter-kommune movements (Telenor mobile phone data)
e Infection transmission model

The model produces estimates of the current epidemiological situation at the kommune, fylke and
national levels, a forecast of the situation for the next three weeks and a long term prediction.

How we calibrate the model:

The model is fitted to Norwegian COVID-19 hospitalization prevalence data since March 10 until
today. We seed new infections into the model using imported COVID-19 cases in Norway from
February 26 until March 18.

How you should interpret the results:

The model is stochastic (random). To predict the probability of various outcomes, we run the
model many times. We present the results in terms of mean values, 95% confidence intervals, median
and interquartile ranges. We underline that the confidence bands presented might be broader: First,
there are uncertainties related to the natural history of SARS-CoV-2, including the importance of
asymptomatic and presymptomatic infection. Second, there are uncertainties related to the timing of
hospitalization relative to symptom onset, the severity of the COVID-19 infections by age, and the
duration of hospitalization and ICU. These uncertainties are not fully explored in the present results.
We will update the model parameters in accordance with new evidence and local data as they becomes
available and results can change also significantly. See more details at the end of this report.

The mobility data is updated until April 13. It accounts for the changes in the movement patterns
between municipalities that have occurred since March 12.

In the forecasting, we use the reproduction numbers that fit the hospitalization data best. The
basic reproductive number, Ry, is used until March 14. A new effective reproductive number, Ry,
acts from March 15 until today, and in the future when we predict. Ry is calibrated to hospitalization
data (number of occupied beds) until March 20; R.¢s from March 21 until today. We weight the last
days (from March 28) more than the first days. We use a distribution of all reproduction numbers
to guarantee appropriate uncertainty of their estimates. However, uncertainties related to the model
parameters, as well as the transient period in week 11 imply that reported effective reproductive values
should be interpreted with caution. We notice that our predictions of intensive care prevalence are
slightly overestimated compared to current data. We will update the parameters related to permanence
in hospital and ICU as soon as NPR data will be linked with MSIS. Note that, in this report, the
term ICU includes only those patients that require either invasive mechanical ventilation or ECMO
(Extracorporeal membrane oxygenation).




1 Estimated Reproductive Numbers
Calibration of our model with hospitalisation data leads to the following estimates:

Table 1: Calibration results

Parameter Mean  Median  Confidence interval (95 %)
Amplification factor 2.32 2.33 (1.71-2.96)
Ro 3.06 3.06 (2.64-3.64)
Reft 0.68 0.65 (0.55-0.8)

Estimated densities of these three parameters are plotted below:
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Our model estimates the number of hospitalised Covid-19 patients, plotted below with blue median and
interquartile bands, which are compared with the actual hospitalisation data, in red. The uncertainty
captures the uncertainty in the calibrated parameters in addition to the stochastic elements of our
model.
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2 Estimated cumulative number of infected individuals

Table 2: Estimated cumulative number of infections, 2020-04-15

Region Total Symptomatic No. con rmed Fraction reported Min. fraction
Norway 45447 (38291; 55633) 27821 (23629; 33568) 6677 15% 12%
Agder 2797 (1976; 3805) 1712 (1194; 2329) 268 10% 7%
Innlandet 2337 (1582; 3386) 1419 (952; 2045) 399 17% 12%
M re og Romsdal 904 (565; 1286) 560 (351; 797) 117 13% 9%
Nordland 735 (404; 1166) 452 (249; 725) 97 13% 8%
Oslo 10521 (8724; 12915) 6399 (5316; 7832) 1985 19% 15%
Rogaland 6054 (4650; 7903) 3704 (2840; 4829) 382 6% 5%
Troms og Finnmark 1365 (640; 2646) 830 (392; 1587) 200 15% 8%
Tr ndelag 2026 (1392; 2838) 1242 (853; 1742) 405 20% 14%
Vestfold og Telemark 3672 (2521; 5585) 2236 (1550; 3362) 250 7% 4%
Vestland 4836 (3507; 6728) 2952 (2146; 4127) 729 15% 11%
Viken 10199 (8288; 12885) 6316 (5174; 7909) 1836 18% 14%

Fraction reported=Number con rmed/number predicted; Minimal fraction reported=number con rmed/upper CI



3 Predicted incidence of infected individuals, next three weeks

Predicted incidence (asymptomatic and symptomatic) for Norway per day, with confidence intervals.
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Table 3: Predicted incidence per day.
Region 1 week prediction (22 April) 2 weeks prediction (29 April) 3 weeks prediction (06 May)
Norway 369 (171-668) 281 (106-563) 214 (63-480)
Agder 23 (8-48) 18 (5-39) 14 (3-35)
Innlandet 25 (9-50) 19 (5-44) 15 (3-36)
M re og Romsdal 8 (2-20) 7 (1-18) 5 (0-16)
Nordland 7 (1-18) 5 (0-15) 4 (0-13)
Oslo 60 (27-116) 45 (16-99) 34 (9-82)
Rogaland 46 (19-89) 35 (11-76) 27 (7-63)
Troms og Finnmark 11 (2-26) 8 (1-22) 6 (0-19)
Tr ndelag 18 (6-39) 14 (3-32) 11 (1-29)
Vestfold og Telemark 30 (10-59) 23 (7-51) 18 (4-43)
Vestland 40 (16-77) 31 (9-69) 23 (5-55)
Viken 101 (43-194) 77 (29-162) 59 (18-138)




4 Predicted hospitalisation, next three weeks, including ICU

Table 4: Number of hospitalisation beds occupied by Covid-19 patients.

Region 1 week prediction (22 April) 2 weeks prediction (29 April) 3 weeks prediction (06 May)
Norge 141 (87-214) 106 (53-176) 81 (35-152)
Agder 9 (1-20) 7 (0-16) 5 (0-15)
Innlandet 10 (1-21) 8 (1-19) 7 (0-17)
M re og Romsdal 3 (0-10) 3 (0-9) 2 (0-7)
Nordland 3 (0-9) 2 (0-8) 2 (0-7)
Oslo 27 (11-46) 18 (6-36) 12 (2-27)
Rogaland 17 (6-33) 13 (3-28) 9 (1-22)
Troms og Finnmark 4 (0-12) 3 (0-10) 2 (0-9)
Tr ndelag 6 (1-15) 5 (0-13) 4 (0-12)
Vestfold og Telemark 13 (3-28) 10 (2-22) 7 (0-19)
Vestland 15 (4-30) 11 (3-25) 9 (1-20)
Viken 33 (15-56) 27 (9-50) 22 (6-47)

Yesterday’s real value for Norway: 190

Predicted daily number of COVID-19 patients in hospital in Norway (95% confidence intervals and
interquartile range), next three weeks, including patients in ICUs.
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Similar table and figure for each fylke available on request.



5 Predictive intensive care beds: next three weeks

Table 5: Number of ICU beds occupied by Covid-19 patients.

Region 1 week prediction (22 April) 2 weeks prediction (29 April) 3 weeks prediction (06 May)
Norge 54 (35-77) 40 (21-65) 31 (14-56)

Agder 3 (0-8) 3 (0-6) 2 (0-6)
Innlandet 4 (0-9) 3 (0-8) 3 (0-7)
M re og Romsdal 1 (0-4) 1 (0-4) 1(0-3)
Nordland 1 (0-4) 1 (0-3) 1 (0-3)
Oslo 10 (4-17) 7 (2-13) 5 (1-10)
Rogaland 6 (2-13) 5 (1-11) 4 (0-9)
Troms og Finnmark 2 (0-5) 1 (0-4) 1 (0-4)
Tr ndelag 2 (0-6) 2 (0-5) 1 (0-5)
Vestfold og Telemark 5 (1-11) 4 (1-9) 3 (0-8)
Vestland 6 (1-12) 4 (1-10) 3 (0-8)
Viken 12 (5-21) 10 (3-18) 8 (2-17)

Yesterday’s real value for Norway: 52

Predicted daily number of COVID-19 patients in ICU in Norway (95% confidence intervals and
interquartile range), next three weeks.
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6 Predicted prevalence of infectious individuals, next three

weeks:

Predicted daily prevalence of asymptomatic, presymptomatic and symptomatic individuals, aggre-
gated, whole Norway, (95% confidence interval).
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Number of infectious individuals (asymptomatic plus pre-symptomatic plus symp-

Region Mean, 22 April Mean, 29 April Mean, 06 May low CI, 06 May high CI, 06 May

Norway 2700 2045 1558 571 3215
Agder 167 128 99 29 216
Innlandet 183 139 107 36 233

M re og Romsdal 61 47 36 9 88
Nordland 48 37 28 5 72
Oslo 439 331 251 89 522
Rogaland 340 255 194 68 434
Troms og Finnmark 78 59 45 10 117
Tr ndelag 134 101 77 22 178
Vestfold og Telemark 217 165 127 40 277
Vestland 295 225 171 57 368
Viken 739 559 425 158 906
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